The pathogenesis of spondyloarthritis (SpA) involves activation of the innate immune system, inflammation and new bone formation. The two cytokines interleukin (IL)-20 and IL-24 have been shown to link innate immune activation and tissue homeostasis. We hypothesized that these two cytokines are secreted as part of activation of the innate immune system and affect bone homeostasis in SpA. IL-20 and IL-24 were measured in plasma from axial SpA patients (n 5 83). Peripheral SpA patients (n 5 16) were included for in-vitro cell culture studies. The plasma IL-20 and IL-24 levels were increased in SpA patients compared with healthy controls (HCs) by 57 and 83%, respectively (both P < 0Á0001). The Toll-like receptor 4-induced secretion of the two cytokines was greater in SpA peripheral blood mononuclear cells (PBMCs) compared with HC PBMCs. IL-20 and IL-24 increased the production of monocyte chemoattractant protein-1 by activated SpA synovial fluid monocytes, decreased the production of Dickkopf-1 by SpA fibroblast-like synovial cells and induced mineralization in human osteoblasts. Taken together, our findings indicate diseaseaggravating functions of IL-20 and IL-24 in SpA.
Introduction
Spondyloarthritis (SpA) is a group of immune-mediated inflammatory diseases sharing a high frequency of the human leucocyte antigen (HLA)-B27 allele and inflammation of joints, gut, skin and entheses [1, 2] . The pathogenesis of SpA involves activation of the innate immune system, inflammation and new bone formation. The innate immune system is activated through pattern recognition receptors, including Toll-like receptor 4 (TLR-4). Inflammation is a result of increased production of proinflammatory cytokines and chemokines, including tumour necrosis factor (TNF)-a and chemokine (C-C motif) ligand 2 [CCL2, also known as monocyte chemoattractant protein 1 (MCP-1)]. New bone formation by osteoblasts is determined by a balance between the inhibitory effect of Dickkopf-1 (DKK1) and the stimulatory effect of bone morphogenetic proteins (BMPs). Treatment with drugs inhibiting tumour necrosis factor (TNF)-a has shown great effect on inflammation while the effect on new bone formation is less pronounced [3, 4] . This indicates that there are other pathways linking activation of the immune system and bone metabolism in SpA.
Interleukin (IL)-20 and IL-24 are members of the IL-10 family of cytokines [5] . The two cytokines are expressed by keratinocytes [6] [7] [8] , but in early expression pattern studies were also found in TLR-4-stimulated monocytes [9, 10] . They bind the two receptor complexes IL-20R1/IL-20R2 and IL-22R/IL-20R2 and signal through Janus kinase 1 (JAK1) and tyrosine kinase 2 (TYK2) [11] [12] [13] . The IL-20R1 and IL-22R subunits have been found primarily on epithelial cells, not leucocytes [9, 10, 12] . In line with this, IL-20 and IL-24 have been suggested to be involved in tissue homeostasis and not immune activation [5] . This has led to the hypothesis that therapeutic modulation of IL-20 and IL-24 might not result in the increased risk of infection seen with biological drugs such as the TNF-a inhibitors [14, 15] . The two cytokines could thus be interesting treatment targets in immune-mediated inflammatory disease.
IL-20 and IL-24 have been described primarily to aggravate disease activity in immune-mediated inflammatory conditions. This is mainly because transgenic mice overexpressing IL-20 [16] and IL-24 [17] develop psoriasis-like skin disease with hyperkeratosis, and the two cytokines have been associated with human psoriasis [6] . In line with this, IL-20 and IL-24 have also been suggested to augment disease activity in arthritis [18] [19] [20] [21] [22] [23] , inflammatory bowel disease [24, 25] and fibrotic disease [26] . The effector mechanism of the two cytokines in SpA has not been studied previously.
Previously, we found elevated plasma and synovial fluid levels of IL-20 and IL-24 correlating with CCL2 plasma levels in a small group of SpA patients without any record of clinical disease activity [19] . In this study, we aim to describe associations between IL-20 and IL-24 and disease activity and identify the sources and targets of the two cytokines in SpA.
Materials and methods

Study subjects
Plasma was included from a study population of SpA patients (n 5 83) with symptoms restricted to the axial skeleton (aSpA) for measuring the concentration of IL-20 and IL-24. No cells were collected from these patients. The patients all met the European Spondyloarthropathy Study Group (ESSG) criteria (Table 1) [27] . This study population was characterized with self-assessment scores, clinical scores and test results. As described previously, these comprised patient global visual analogue scale (VAS) score, physician global assessment VAS score, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), Bath Ankylosing Spondylitis Metrology Index (BASMI), C-reactive protein (CRP), HLA-B27 status and radiography and magnetic resonance imaging (MRI) of the sacroiliac joint (SIJ) and entire spine [28] [29] [30] [31] . The MRI activity scores were made using the Danish methods, differing primarily from the Spondyloarthritis Research Consortium of Canada (SPARCC) methods by using three-dimensional assessment of the SIJ and the spine [28, 29, 32, 33] . Further, treatment was registered for all patients at the time of cytokine measurement and during a 4-year follow-up period. The inclusion of patients was started in 2006, with only a small percentage of patients treated with a TNF-a inhibitor. The patients not listed in Table 1 were treated with either physiotherapy alone or together with non-steroidal anti-inflammatory drug (NSAID) treatment.
Another study population, consisting of SpA patients (n 5 16) with peripheral arthritis (pSpA), was included for obtaining synovial fluid for culturing paired synovial fluid mononuclear cells (SFMCs) and peripheral blood mononuclear cells (PBMCs) and for growing fibroblast-like synovial cells (FLSs). These cells were used to study production and effects of IL-20 and IL-24 in vitro. Patients with peripheral arthritis contacted the clinic because of a knee joint effusion. No disease activity scores, prognosis scores or test results were obtained for this study population.
Plasma (n 5 48) and PBMCs (n 5 12) from healthy controls (HCs) were included from the Blood Bank at Aarhus University Hospital (Table 1) . They were comparable regarding age and gender; median age 41 years [interquartile range (IQR) 5 32-53] and 54% of females for the HCs included for measuring IL-20 and IL-24 plasma levels.
Sample handling
Blood samples from patients with axial SpA and HCs were collected in ethylenediamine tetraacetic acid (EDTA) tubes. Synovial fluid from patients with peripheral SpA was collected during therapeutic arthrocenthesis and transferred to tubes containing EDTA and blood samples were collected in EDTA tubes in continuation of the therapeutic arthrocenthesis. Cell-free synovial fluid and plasma were pipetted after centrifugation at 300 g for 5 min and kept at 2808C until use. SFMCs and PBMCs from patients with peripheral SpA and PBMCs from HCs were isolated by conventional Ficoll-Paque (GE Healthcare, Little Chalfont, UK) density-gradient centrifugation and cryopreserved at 21358C until time of use. FLSs were grown from SFMCs as described previously [30, 34] . Briefly, SFMCs were thawed and cultured in Dulbecco's modified Eagle's medium (DMEM; Lonza, Basel, Switzerland) supplemented with 10% fetal calf serum (FCS), penicillin, streptomycin and glutamine at 378C and 5% CO 2 at a density of 2 3 10 6 cells/ml in a humidified incubator, replacing the medium every 3-4 days. When the cell layer was 70% confluent, the FLSs were passaged by trypsin/EDTA treatment and used for analyses at passages 4-5.
IL-20 and IL-24 enzyme-linked immunosorbent assays (ELISA)
The plasma concentrations of IL-20 and IL-24 were quantified with ELISA, validated as described previously [35] . Antibodies, recombinant cytokines and streptavidinhorseradish peroxidase (HRP) for the IL-20 and IL-24 ELISA were purchased from R&D Systems (Minneapolis, MN, USA; catalogue numbers DY1102 and DY1965). Nunc Maxisorp 96-well microplates were coated with coat antibody at 2 lg/ml in phosphate-buffered saline (PBS) and incubated overnight at room temperature (RT). Adding PBS with 5% skimmed milk to each well and incubating plates at RT for 2 h blocked non-specific binding sites in the polystyrene wells. Then, samples, positive controls and standards prepared in assay diluent were added in duplicate and plates were incubated overnight at 48C. The assay diluent contained protein-free PBS blocking buffer (Thermo Scientific, Waltham, MA, USA) supplemented with 10 lg/ ml mouse gamma globulin (Jackson ImmunoResearch, West Grove, PA, USA), 10 lg/ml human immunoglobulin (Ig) (Behring, King of Prussia, PA, USA) and 10 lg/ml goat gamma globulin (Jackson ImmunoResearch) to prevent potential unspecific binding of heterophilic antibodies in samples. Next, biotinylated detection antibody was added and plates were incubated for 1 h at RT. The anti-IL-20 detection antibody was used at 0Á4 lg/ml, and the anti-IL-24 detection antibody was used at 0Á8 lg/ml. Plates were then incubated with streptavidin-HRP for 15 min at RT. Signals were amplified using biotinyl-tyramide solution (PerkinElmer, Waltham, MA, USA) for 15 min at RT followed by streptavidin-HRP for 30 min at RT. The plates were incubated finally with 3,3',5,5'-tetramethylbenzidine (TMB) substrate solution at RT. Colour development was stopped with H 2 SO 4 . The optical density of each well was measured using a microplate reader set to 450 nm and wavelength correction set to 570 nm.
The concentration of IL-20 and IL-24 in supernatants was analysed as described for the plasma samples.
The detection limits of IL-20 and IL-24 ELISA systems were 31Á3 and 15Á6 pg/ml, respectively. All plasma samples were diluted 1 : 3 in assay diluent with the cut-off for the plasma analyses at 93Á9 pg/ml and 46Á8 pg/ml.
Lipopolysaccharide (LPS) stimulation of PBMC and SFMC cultures
PBMCs from HCs and PBMCs and SFMCs from patients with peripheral SpA were incubated at a density of 2.0 3 10 6 cells/ml in I-1640 (Lonza) supplemented with 10% FCS, penicillin, streptomycin and glutamine at 378C and 5% CO 2 for 48 h in a humidified incubator without changing medium. First, HC PBMCs were cultured with LPS (Sigma Aldrich, St Louis, MO, USA) at a concentration of 1, 10 or 100 ng/ml. Secondly, HC PBMCs and SpA PBMCs and SFMCs were cultured with or without LPS at a concentration of 100 ng/ml, as performed previously [31] . Supernatants were harvested carefully after centrifugation of the culture plates at 300 g for 5 min and kept at 2808C until measuring concentrations of IL-20 and IL-24.
Stimulation of SFMC and FLS cultures with IL-20 and IL-24
SFMCs from patients with peripheral SpA were cultured at a density of 1.0 3 10 6 cells/ml in RPMI-1640 (Lonza) supplemented with 10% FCS, penicillin, streptomycin and glutamine at 378C and 5% CO 2 for 48 h in a humidified incubator without changing medium. To simulate IL-20 and IL-24 stimulation in vitro, cells were cultured with commercially available recombinant IL-20 and IL-24 proteins (R&D Systems) at 200 ng/ml. All supernatants were harvested after centrifugation of the culture plates at 300 g for 5 min and kept at 2808C until measuring CCL2 and DKK1 concentrations. FLSs from patients with peripheral SpA were thawed and cultured in DMEM (Lonza) supplemented with 10% FCS, penicillin, streptomycin and glutamine at 378C and 5% CO 2 at a density of 5 3 10 4 cells/ml. FLSs were stimulated with IL-20 or IL-24 at 200 ng/ml for 48 h. A negative control culture without stimulation and a positive control culture with TNF-a at 10 ng/ml were used in each experiment for comparison. Supernatants were harvested and kept at 2808C until measuring CCL2 and DKK1 concentrations.
Neutralizing IL-20 and IL-24 in SFMC cultures
To inhibit IL-20 and IL-24 in vitro, SFMCs from patients with peripheral SpA were incubated with neutralizing antibodies, as described previously [31] . Polyclonal goat anti-IL-20 antibody (R&D Systems; AF1102) or polyclonal goat anti-IL-24 antibody (R&D Systems; AF1965) were used at a concentration of 5 mg/ml at 378C for 48 h. A negative control culture with goat IgG (R&D Systems; AB-108-C) was used in each experiment for comparison.
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CCL2 and DKK1 enzyme linked immunosorbent assays
Culture supernatants were analysed with commercially available CCL2 ELISA (Biolegend, San Diego, CA, USA) and DKK1 ELISA (R&D Systems) following the manufacturers' instructions.
Flow cytometric detection of intracellular CCL2
SFMCs from patients with peripheral SpA were cultured at a density of 2.0 3 10 6 cells/ml in RPMI-1640 (Lonza) supplemented with 10% FCS, penicillin, streptomycin and glutamine at 378C and 5% CO 2 in a humidified incubator for 24 h. Cells were stimulated with IL-20 or IL-24 at 200 ng/ml. A negative control culture without stimulation and a positive control culture with LPS at 10 ng/ml were used in each experiment for comparison. Golgi stop with brefeldin A (Sigma Aldrich) was used at a concentration of 10 lg/ml for the last 5 h of the stimulation. Cells were then harvested, transferred to polypropylene tubes (Nunc, Sigma Aldrich) and fixed using 4% formaldehyde (Sigma Aldrich) diluted in PBS. Cells were then permeabilized using 0Á3% saponin (Sigma Aldrich) in PBS with 0Á5% bovine serum albumin (BSA) (Calbiochem, San Diego, CA, USA) and 0Á09% NaN 3 . Finally, the cells were stained for 30 min at 48C with anti-CD163 fluorescein isothiocyanate (FITC) (clone Mac2-158; Trillium Diagnostics, Bangor, ME, USA), anti-CD14 V500 (clone MuP9, BD Biosciences), anti-CD16 PC7 (clone 3G8; Beckman Coulter) and anti-CCL2 PE (clone 5D3-F7; BD Biosciences) or a matching isotype control [IgG1 phycoerythrin (PE), clone MOPC-21; BD Biosciences] in buffer supplemented with 10 lg/ml mouse gamma globulin (Jackson ImmunoResearch) to minimize non-specific binding [36] . Dead cells were excluded based on staining with Live/Dead fixable viability marker (near-infra red; Life Technologies, Paisley, UK) added before fixation and permeabilization. The samples were analysed using an LSR Fortessa flow cytometer (BD Biosciences) and data were analysed using FlowJo software version 10 (Tree Star Inc., Ashland, OR, USA).
Osteoblast mineralization assay
Human osteoblasts (C-12720; PromoCell, Heidelberg, Germany) were cultured and expanded in supplemented osteoblast growth medium (C-27001; PromoCell). The cells were seeded in triplicate in 96-well plates at a concentration of 100 000 cells/ml (20 000 cells/well) and cultured for 4 days. Cells were then cultured for 2 days in growth medium with or without either IL-20 or IL-24 at 50 ng/ml or bone morphogenic protein-2 (BMP-2) at 50 ng/ml, and subsequently in osteoblast mineralization medium (C-27020; PromoCell). Osteoblast growth medium and mineralization medium with mediators were changed every 2-3 days for a total of 21 days. On day 21 the mineral formed was visualized using a commercial mineralization stain kit (OsteoImage, PA-1503; Lonza) and a fluoroscan plate reader (Thermo Scientific; Fluoroscan Ascent FL). The staining was performed according to the manufacturer's protocol.
Statistics
All cytokine measurements, clinical scores and test results were expressed with the median and interquartile range (IQR). Comparisons of plasma IL-20 and IL-24 levels between groups were made using the Mann-Whitney U-test.
Correlation analyses between disease parameters and plasma cytokine levels were performed with Spearman's correlation.
Comparisons of cell culture supernatant IL-20 and IL-24 concentrations were also analysed with non-parametric statistics. The Mann-Whitney U-test was used for unpaired comparisons and Wilcoxon's signed-rank test was used for paired data. CCL2, DKK1 and mineralization ratios were log-transformed and comparisons were made with the paired t-test. A two-tailed P-value below 0Á05 was considered statistically significant. Calculations and graphs were made with STATA version 11 (StataCorp LP) and GraphPad Prism version 6 (GraphPad Software, San Diego, CA, USA).
Ethics
Samples from the SpA study groups were collected at the out-patient clinic at Aarhus University Hospital. All samples were obtained after informed written consent, according to the Declaration of Helsinki, and approved by the Local Ethics Committee (project numbers 20121329 and 20058432) and the Danish Data Protection Agency.
Results
IL-20 and IL-24 plasma levels were increased in SpA patients compared with HCs
To test whether the peripheral blood levels of IL-20 and IL-24 were altered in SpA patients we measured the levels of the two cytokines in plasma from both patients with axial SpA and HCs. The plasma levels of IL-20 and IL-24 were increased in SpA patients compared with HCs by 57 and 83%, respectively (both P < 0Á0001) (Fig. 1a,b) . No associations were observed between gender or age and plasma levels of the two cytokines for either SpA patients or HCs. A possible association between IL-20 and IL-24 and disease activity in SpA was studied with correlations between the levels of the two cytokines and registered disease parameters. IL-20 plasma levels associated with the physician global VAS score (rho 5 0Á24, P 5 0Á042). IL-20 and IL-24 did not correlate with any other scores of disease activity (Table 2 ). However, there was a trend towards associations between plasma levels of the two cytokines and future switch to biological therapy (P 5 0Á031 and P 5 0Á11, respectively) (Fig. 1c,d ) and spine MRI chronicity score (P 5 0Á10 and P 5 0Á15, respectively) ( Table 2) . 
IL-20 and IL-24 in SpA
TLR-4-induced IL-20 and IL-24 production by PBMCs was increased in SpA patients compared with HCs
We first studied the production of IL-20 and IL-24. We stimulated SFMCs and PBMCs from patients with peripheral SpA and PBMCs from HCs with the TLR-4 ligand LPS and measured the production of IL-20 and IL-24 by ELISA.
The secretion of both IL-20 and IL-24 from HC PBMCs showed a dose-dependent increase after stimulation with LPS at a concentration of 1, 10 and 100 ng/ml (Fig. 2a,b) . LPS at 100 ng/ml increased the secretion of IL-20 and IL-24 in all cultures with detectable cytokine concentrations of SpA SFMCs (one of six and five of six, respectively), SpA PBMCs (four of six and six of six, respectively) and HC PBMCs (nine of 12 and 12 of 12, respectively) (Fig. 2c,d ). There was a greater increase in secretion of IL-24 by SpA PBMCs compared with HC PBMCs (P 5 0Á031) (Fig. 2c,d ).
IL-20 and IL-24 induced the production of CCL2 by synovial fluid monocytes from patients with SpA
We then studied the cellular targets of IL-20 and IL-24. To study the role of the two cytokines in inflammation in SpA we first stimulated SFMCs and FLSs from patients with peripheral SpA with IL-20 and IL-24 and measured the production of the proinflammatory chemokine CCL2 by ELISA. Stimulation with the two cytokines increased the secretion of CCL2 by all SpA SFMC cultures but not by SpA FLS cultures (Fig. 3a,c) . To study the effect of endogenous IL-20 and IL-24 on CCL2 secretion, we then neutralized IL-20 and IL-24 in SpA SFMC cultures. Inhibition of IL-20 or IL-24 reduced the secretion of CCL2 only modestly in four of six and five of six cultures, respectively (Fig. 3b) . The median value of IL-24 was 234 pg/ml (IQR 5 162-559 pg/ml) in plasma from patients switched to anti-TNF-a treatment and 151 (IQR 5 101-287 pg/ml) in plasma from patients not switched to anti-TNF-a treatment. Data were analysed using the Mann-Whitney U-test. Boxes indicate median and IQR and bars indicate 10th and 90th percentiles. Truncated lines indicate assay detection limit. *P < 0Á05; ****P < 0Á0001. We then wanted to identify the specific cellular targets of IL-20 and IL-24 among the cells in the SpA SFMC cultures. Therefore, cellular expression of intracellular CCL2 was studied by flow cytometry. Constitutive CCL2 production was observed in CD14 1 monocytes in all untreated SpA SFMC cultures. The percentage of CCL2-producing cells was not increased after IL-20 or IL-24 stimulation compared with untreated cultures. However, the production of CCL2 [as measured by median fluorescence intensity (MFI)] in CCL2 1 monocytes was increased in all stimulated cultures, reflecting potentiated CCL2 production in cells already producing some CCL2 (Fig. 3e) . This increase in CCL2 MFI after stimulation with the two cytokines was found specifically in the CD16 -/CD163 -monocyte subset (Fig. 3g) . In contrast, there was no increase in CCL2 MFI in CD16
1 monocytes, CD163 1 monocytes or when pooling these in a subset of CD16 1 and/or CD163 1 monocytes (Fig. 3h) .
IL-20 and IL-24 induced DKK1 production by SpA FLSs and mineralization by human osteoblasts
To study the possible role of IL-20 and IL-24 in new bone formation in SpA we first examined the effect of the two cytokines on production of the osteoblast inhibitory factor DKK1 by SFMCs and FLSs from patients with peripheral SpA. Stimulation with the two cytokines decreased the secretion of DKK1 by all SpA FLS cultures. The production of DKK1 was very low in the SFMC cultures, and was not altered by IL-20 and IL-24 stimulation (Fig. 4a,b) . We then tested the direct effect of IL-20 and IL-24 on osteoblast activity using a commercial mineralization assay. Stimulation with both cytokines increased mineralization in all primary human osteoblast cultures but not in cultures of the sarcoma osteogenic (Saos-2) cell line (Fig. 4c,d ).
Discussion
IL-20 and IL-24 are believed to be important for tissue homeostasis at epithelial surfaces, but not for activation of the immune system [5] . This means that modulation of the two cytokines might not result in the increased risk of infection seen with other disease-modifying drugs such as TNF-a inhibitors [14, 15] . This makes them interesting treatment target candidates in immune-mediated inflammatory diseases. IL-20 and IL-24 have already been associated with inflammatory arthritis [18] [19] [20] [21] [22] [23] 37] , and anti-IL-20 antibody treatment has shown efficacy in rheumatoid arthritis (RA) [38] . However, little is known about IL-20 and IL-24 in SpA.
In psoriasis and arthritis, IL-20 and IL-24 have been characterized primarily as proinflammatory, inducing the production of other cytokines and chemokines [19, 20, 39] . However, in a recent comprehensive study of skin infection, IL-20 and IL-24 were found to decrease host immune defence mechanisms [40] . In this study, increased plasma levels of IL-20 and IL-24 were not associated with disease activity scores. However, the concentrations of the two cytokines were increased in the small group of patients who needed to switch to anti-TNF-a therapy later. These findings point to disease-aggravating but not necessarily proinflammatory functions of IL-20 and IL-24 in SpA. This is because the patients started on anti-TNF-a therapy have been selected based on many factors, including inflammatory activity, chronic structural changes and disease progression.
This study points to TLR-4 stimulated monocytes as a source of IL-20 and IL-24 in peripheral blood. LPS induced the production of the two cytokines from both SpA and HC PBMCs. In fact, the LPS-induced increase in IL-24 production was significantly greater in SpA PBMCs compared with HC PBMCs. The possible link between TLR-4 and IL-20 and IL-24 is interesting in SpA. First, TLR-4 is up-regulated in SpA [41, 42] . This could explain the increased responsiveness to LPS seen in this study. Secondly, several studies indicate that both pathogenassociated molecular pattern (PAMPs) and dangerassociated molecular pattern (DAMPs) are involved in the inflammatory process in SpA; for example, HLA-B27 transgenic rats do not develop autoinflammatory disease in an environment without presence of germs and PAMPs [43] . Also, host interactions with pathogens and the microbiota are involved critically in reactive arthritis [44] [45] [46] . Finally, TLR-4 agonistic DAMPs such as high mobility group box protein 1 (HMGB1) and hyaluronic acid fragments are increased in plasma from SpA patients compared with HCs [47, 48] . statistical analysis, data were normalized to untreated cultures, expressed as a ratio, log-transformed and analysed using the paired t-test. Boxes and bars indicate median and interquartile range (IQR). *P < 0Á05; **P < 0Á01; ***P < 0Á001.
The role of IL-20 and IL-24 in inflammation and new bone formation in SpA was studied by examining the effects of IL-20 and IL-24 on SFMCs, FLSs and osteoblasts in vitro.
Inflammation in SpA involves cytokines and chemokines. CCL2 is essential for the attraction of monocytes to the joints and was suggested recently as a novel biomarker in SpA [49] . This study indicates that IL-20 and IL-24 potentiate CCL2 secretion by already activated synovial monocytes in SpA. Thus, IL-20 and IL-24 increased the production of CCL2 only in monocytes already activated in vivo in the inflamed joint. This was a small subset of CD16 -/CD163 -monocytes already producing CCL2. The constitutive CCL2 production seen in our untreated cultures has been reported previously in macrophages isolated from the synovial membrane [50] . Here, we show that IL-20 and IL-24 may contribute to maintenance of inflammation by potentiating this CCL2 production in CD16 -/CD163 -monocytes. Our findings are in line with recent studies showing higher numbers of CD16 -monocytes in ankylosing spondylitis with the capability to produce IL-6 [51, 52] . In contrast to previous studies using RA FLSs, we did not see any effect of the two cytokines on SpA FLSs [20] .
Bone homeostasis is a combination of osteoclast and osteoblast activity. IL-20 and IL-24 decrease the secretion of DKK1 by SpA FLSs and stimulate mineralization by human osteoblasts. DKK1 is an important negative regulator of osteoblastogenesis. Therefore, the two cytokines could lead to increased new bone formation by both indirect and direct mechanisms. Supporting this hypothesis, increased plasma concentrations of IL-20 and IL-24 seem to be associated with more chronic changes on MRI in the axial SpA patients. However, we and others have also found stimulatory effects of the two cytokines on osteoclasts [23, 37] . The net effect of these mechanisms needs further clarification.
In conclusion, plasma levels of IL-20 and IL-24 were increased in SpA compared with HCs. In vitro, IL-20 and IL-24 were produced by TLR-4-stimulated PBMCs and the two cytokines targeted a subset of activated SpA synovial fluid monocytes, SpA FLSs and osteoblasts. Taken together, our findings indicate that IL-20 and IL-24 could be novel links between activation of the innate immune system and new bone formation in SpA. This indicates a possible role of anti-IL-20 or anti-IL-24 antibodies in the treatment of SpA. It is not known whether inhibition of these cytokines will affect inflammation and/or new bone formation in SpA in vivo. The relatively modest stimulatory capacity of IL-20 and IL-24 on CCL2 production by SFMCs found in this study indicates that neutralizing these cytokines might not result in a substantial anti-inflammatory effect. However, inhibition of CCL2 production by subsets of synovial monocytes might prove beneficial, and the effect on osteoblast mineralization holds promise for further study. Future studies including inhibition of these cytokines, their common receptors and JAK1 or TYK2 will show if IL-20 and IL-24 could be new targets in SpA treatment. patient samples and information. M. H. and B. D. helped to design the study and supervised the project. All authors helped to analyse and interpret the data, were involved in revising the manuscript and read and approved the final manuscript.
